In this project, different combinations of solar energy and heat pump systems for preparation of DHW (domestic hot water) and space heating of buildings are analyzed through dynamic system simulations in TRNSYS (Transient System Simulation Program). In such systems, solar thermal energy can be used, on one hand, directly to charge the buffer storage and, on the other hand, as heat source for the evaporator of the HP (heat pump). In this work systems, in which solar heat is only used directly (parallel operation of solar and HP), systems using the collectors also as a heat source for the HP are analyzed and compared to conventional air HP systems. With a combined parallel solar thermal HP system, the system performance compared to a conventional HP system can be significantly increased. Unglazed selectively coated collectors as source for the HP have the advantage that the collector can be used as an air heat exchanger. If solar radiation is available and the collector is used as source for the HP, higher temperatures at the evaporator of the HP can be achieved than with a conventional air HP system.
Introduction


In Austria and also in other European countries, several companies have developed solar air HP (heat pump) systems. In many of these systems, solar energy is not only used to charge a buffer storage (parallel system) but also as heat source for the evaporator of an HP. In some configurations, unglazed collectors are used as a heat source [1] . In the IEA SHC (International Energy Agency Solar Heating and Cooling Programme) Task 44 (www.iea-shc.org/task44), the performance and relevance of combined systems using solar thermal and heat pumps are evaluated, a common definition of the performance of such systems and contributions to a successful market penetration of this new promising combination of renewable technologies are provided [2] . In the task, more than 100 systems from participating countries were surveyed during 2010 and 2011. The results of the survey showed that 70% of systems were found to be parallel solutions, 7% serial systems, 21% complex systems and very few regenerative solutions. The number of air and ground source systems were about in the same range and some systems were operated only with solar collectors as source for the evaporator and many in several modes of operation [2] .
Solar Thermal and Heat Pump Systems
In this paper, different heating systems are analyzed and compared through dynamic system simulations in TRNSYS (Transient System Simulation Program) [3] . On one hand, a conventional air HP system with and without solar thermal system with covered selectively coated collectors (parallel system) is considered in the project, and on the other hand, serial solar air HP systems with covered and uncovered selectively coated collectors have been defined and evaluated. Additionally, a system with ice storage has been taken into account. Fig. 1 shows the hydraulic layout of Concept 1, which is an air HP system without any solar thermal D DAVID PUBLISHING
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system. The HP provides heat to the buffer storage but also directly to the heating system of the building. The buffer storage is divided into a DHW (domestic hot water) and an SH (space heating) volume. As a backup, an electrical heater is placed in the buffer storage (space heat volume), which provides heat at times when the performance of the HP is not sufficient to cover the heating demand. In this system without solar collectors, the buffer storage has a volume of 0.3 m 3 .
The DHW preparation takes place through an external heat exchanger.
Concept 2
The difference between Concepts 1 and 2 is that, in Concept 2, a solar system is installed in a parallel way. For the solar system, glazed selectively coated collectors are used. The buffer storage volume is increased to 1 m 3 . In Fig. 2 , the integration of the solar thermal system is shown. The solar loop is divided into a brine (solar side) and a water loop (buffer storage), whereby the heat transfer between them takes place via a plate heat exchanger (Fig. 2 ). Solar energy is only used to charge the buffer storage. As a second energy source, an air HP system is installed.
Concept 3
As shown in Fig. 3 , Concept 3 is a serial solar HP system. As heat source for the HP, only unglazed selectively coated collectors are used. When the HP is operated, the unglazed collectors are used as heat source for the HP. Solar energy can either be used to charge the buffer storage or as heat source for the HP, a simultaneous operation is not possible.
Concept 4
Concept 4 is similar to Concept 3 with the difference of an additional ice storage (Fig. 4) , which is used as source for the evaporator of the HP. As in Concept 3, unglazed selectively coated collectors are used. The buffer storage (hot water storage) is charged with priority. If the HP is operated and the solar thermal system supplies energy to the ice storage at the same time, then energy for the evaporator of the HP comes directly from the solar thermal system. The advantage is that in this case higher source temperatures can be achieved at the evaporator of the HP. 
Basic Conditions
Building
For the system simulations, the boundary conditions of the IEA SHC Task 44 are used [4, 5] . In Task 44, three different buildings (single family house, heated floor area 140 m 2 ) have been defined. For the climate in Strasbourg, the buildings have a specific heat demand of 15, 45 and 100 kWh/m²a [5] . For SFH15 and SFH45, a floor heating system, and for SFH100, a radiator heating system is assumed. The flow temperature is controlled depending on the ambient air temperature (for SFH15 and SFH45, 35/30 °C at the design ambient temperature, radiator exponent 1.1; for SFH100, 55/45 °C, radiator exponent 1.3). The heat load of the building for the location Strasbourg has been calculated for the design ambient temperature of -12 °C. For this calculation, the solar gains have not been considered, but the internal loads of the building, the present persons and the electronic equipment. With the heat preparation system, the heat demand of the building and the DHW demand shall be covered. For the dimensioning of the HP, the heat load of the building increased by 0.5 kW was used, which is to be covered by the HP at the operation point A2W35 (HP air source temperature 2 °C and water temperature on the sink side 35 °C). Table 1 shows the heat loads of the three buildings used.
Domestic Hot Water
The domestic hot water demand is used as defined in Task 44. The DHW preparation is done via a plate heat exchanger which is charged from the buffer storage in all systems. The hot water set temperature is defined as 45 °C. From the annual DHW heat demand, a mean daily heat demand of 5.85 kWh/d has been calculated.
Simulation Models
The dynamic system simulations have been performed using the software TRNSYS [1] . The most important component models (types) which were used in these simulations are listed in Table 2 . 
Evaluation Figures
For the evaluation of the system performance, different indicators were defined. These indicators are the SPF (seasonal performance factor) of the system (SPF System ), the seasonal performance factor of the HP (SPF HP ) and the solar fraction (SF).
The SPF of the entire system with penalties is defined as:
The definition of the SPF of the HP is:
The Solar fraction as:
where: is the electric power electrical heater.
System Comparison
Different systems evaluated using SFH45 are shown in Table 3 .
The comparison of Concepts 1 and 2 shows that, by integration of a solar thermal system (14 m 2 ), the SPF System for SFH45 can be increased from 2.92 to 3.84.
The total electricity consumption of the system is reduced by about 23%. The SPF HP is reduced, as the solar collectors are providing heat at times, when the HP would otherwise be operated with a high efficiency.
However, SPF System is the more important figure from an overall system point of view.
The simulation results for Concepts 3 and 4 show that through the integration of an ice storage with the selected boundary conditions, the SPF HP can be 
Conclusions
Highly efficient combinations of solar thermal and heat pump systems (SolPumpEff) within this work, different combinations of solar energy and heat pump (HP) systems are analyzed through dynamic system simulations in TRNSYS. In such systems, solar thermal energy can be used, on the one hand, directly to charge a buffer storage and, on the other hand, as heat source for the evaporator of the HP. In this work systems, in which solar heat is only used directly (parallel operation of solar and HP), systems using the collectors also as a heat source for the HP are simulated and compared to conventional air HP systems. For the solar thermal system, glazed and unglazed selectively coated collectors have been considered. Using the latter type of collector as source for the HP offers the advantage that the collector can be used as an air heat exchanger.
With a combined parallel solar thermal HP system, the SPF System compared to a conventional HP system can be increased significantly. With unglazed selectively coated collectors as source of the HP, the evaporation temperatures of the HP can be increased compared to a conventional air HP system if solar radiation is available. With such collectors, a collector area of 15 m 2 must be available to achieve the same SPF System than with a conventional air HP system with the used boundary conditions and assumptions.
